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Arscitic«adsorbine ion exchangers 

The prresent inventicm reUtes to b method ftrr producing iron oxide/iroD oxyhydroxide-eontaiTiing 
carboxyl-beariiig ion exchangers, which is characterized in that 

a) a bead-type carboxyl-containing Iod exchanger is contacted in aqueous stispension with 
5 Tron(III) sa]t5 or 

a*) an aminomethyTated crosslinkcd polystyrene bead polymor is oontaoted in aqueous 
auspension with iion(ni) salts and with chloroacetic acid and 

b) the suspensions obtained fixnn stages a) or a') are adjusted to pRs in the range ftom 3 to 14 
by adding alkali metal hydroxides or a]]caline earth metal hydroxides and the nesuliant iron 

10 oxide/iran oxyhydroTpde-contaihing ioo exchangm are isolated by known methodft. 

Tlie requirements for the purity of driiikxng water have significantly increased in recent decades. 
Heal^ authorities of numerous countries have developed limit values finr heavy metal 
concentrations in water. This also relates to arsenic. 

Under certain circumstances, arsenic compounds can be extiacted from rocks and thus pass mto 
15 the ground water. &i natural waters, arsenic oecu? as oxidic con^pound having trivalent and 
pentavalent arsenic. It is found that, at the pHs prevailing in natural waters, the species K^AaCh, 
HaAsQj*. HaAsO/ , HAb04^ chiefly occur. 

Easily absorbed As compounds are highly toxic and carcinogenic* 

In many regions of the USA, India, Bsngtadesfa, China and also an Soufli Ameiica, veiy hi^ 
20 concentrations sometimes occur in the ground water. 

Numerous medical studies now confirm tiiat in humans who are exposed to audi pollution over a 
long period, diseased sidn changes (hyperkeratoses) and various types of tumor can develop as a 
result of chronic arsenic poisoning. 

On the basis of medical studies, the World Health Organization WHO in 1992 recommended 
25 introducing internationally a limit vahie for arsenic in drinking water of 10 jigl. 

In many states of Europe and the USA, this value is still being exceeded. In Gennany, 10 fig/1 has 
been maintained since 1996, in countries of the EU, the limit value of 10 ug/I applies from 2003. 
and in the USA from 2006. 
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lon exchangers arc used in varied ways for purifying untreated waters, wastewaters and aqueous 
process streams. They are particularly efiective in softening and desalting. Chelate resins are used 
in hydrometanur;gy preferably for the adscffption of metal ions» in particular heavy metal ions or 
noble metal ions, and also their compounds, from aqueous solutions or organic media. 

5 However, Ihey do not exhibit the desired and necessary selectivity for all ions. In paiticuiar, 
arsenate tons cannot be removed to a sufficient ExtmX using ion exehangers/chelate resins. 

L Rau ct al. Reactive & Functional Polymers 54, ( 2003 ) 85-94 describe the removal of arsenate 
ions by chelate resins having iminodiacetic acid groups which are occupied (chelated) by ircn(ni) 
ions, hi their production, the chelate resin having iminodiacetic acid groups in the acid fonn is 
10 occupied (chelated) by ffon(m) ions. An iron oxide/iron ojq^iydroxide phase highly specific for 
arsenic does not develop here^ since on the occupation by Fe(III) ions, it is ensured that the pH 
does not exceed 2 (same publication, page 87). 

Therefim, tins adsoibcr is also not able to remove arsenic ions from aqueous solutions down to the 
necessary resklua] amounts. 

15 Hide is tberefisre a requirement far novel bead-type ion exchangeiv or absorbers which are highly 
specific fbr arsenic ions, which m column methods exhibit a relatively low pressure drop, im> 
abrasion, hi^ mechanical and osmotio stability, and also a signiflcantty lower pressure drop than 
fhe ion exchangers of the prior art and, finther, in addition to arsenic, can also adsorb other heavy 
metals. 

20 It is Ihe object of the present invoition to provide an ion-exchange resin fen- lemoving pollutants, 
preferably heavy metals, in particular arsenic, from liquids^ prefoably aqueous media or gases, and 
also the provision of a medjod fbr its production. 

A method has now been found for producing iron oxide/troa oxyhydroxide-containing carboxyl- 
bearing ion exchangers^ which is characterized in that 

25 a) a bead-type carboxyl-contaming ion exchanger is contacted in aqueous suspension with 
ircn(III) salts or 

a') an aminomethylated crossltnked polystyrene bead polymer is contacted in aqueous 
suspension with irondU) salts and with chloroacetic acid and 

b) the suspensions obtained from stages a) or a') arc adjusted to pHs in the range from 3 to 14 
30 by adding alkali metal hydroxides or alkaline earth metal hydroxides and the resultant iron 

oxide/iron oxyhydroxidc-containing ion exchangers are isolated by known methods. 
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case of the bead'^type carboxyl-contaniing ion exchaiigcrs* steps a) and b) can if appropriate 
be carried out repeatedly successively. Alternatively to the ironCIH) salt, iron(II) salts cati aUo be 
used which are wholly or partially 03(idized to inmin salts by known oxidation mettiods in the 
reaction medium. 

5 The resultant bead polymers are brown and are distinguished, in contrast to tiie above described 
prior art, by the development of an iron oxide/iron oxyhydroxide phase which is highly specific for 
the adsorption of heavy metals, preferably arsento. 

According to the invention, heterodispene or monodisper$a earboxyl^ontaining ion exchangers or 
heterodisperae or monodiqierBe anrinometfaylated polystyrene bead polymers can be used. 

10 Monodispcrsc ion exchan^gera in the present application denotes bead-type resins in which at least 
90% by volume or by mass of &e particles have a diameter which lies around the most frequent 
diameter in the interval having 'die width of ± 10% of the most Sequent diameter. 

For example, in the case of resin beads having a most frequent diameter of 0 J mm, at least 90% by 
volume or by mass are tn a size interval between 0.45 mm and 0.55 mm, ixi the case of a resin bead 
15 having a most fiequoit diameter of 0.7 mm, at least 90% by volume or by mass are in a size 
interval between 0.77 mm and 0.63 mm. 

Suitable carboxyl-containing ion cxchatngers for process step a) are weakly acidic ion exchangers 
based on crossltnhed polyacrylic acid For production of same, crosslinked (meth)aciylic esters 
and (racth)actvlonjtrile are used. 

20 As (meth)acry]jc esters, use is made of unsatumted aliphatic (mcth)acrylic esters, in particular 
methyl acrylatc, ethyl acrylate and methyl methacrylate. As (meth)aarylonitrile, unsaturated 
aliphatic m'triles of the formula OD are used. 

Unsaturated aliphatic nilriles are characterized by the general Ibnonula (Q, 




25 where 

A, B and C each independently of one another are hydrogen, alhyl or halogen 
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Alkyl, in the context of the present invention, is a straight-chain or branched alkyi radical having 1 
to 8 cartjon atoms, preferably having 1 to 4 carbon atoms. Halogen, in the contejrt of the present 
invention, is chlorine, fluodne and bromine. 

Prcfemed nitriles in the context of the present invention arc aeiylonitrile or methaciylonitrile; 
5 particularly pic&i^ly, aciylonitrilc is used 

Aa crosslinker, use is made of divrnyl-bearmg aliphatic or aromatie compounds. These include 
divinylbenzeRe, 13-hexadieney 1 ,7-octadiene, 2,5^meihyl-l^-hexadiene and also dtvii^I ethers. 

Suitable divinyl ethers are compounds of the general formula (U), 
10 where 

R is a radical of the series CJHib ,{CJJh,rO),-Cji2m or CHa-C A-CH, and n m = 2 to 8 
andp &1. 

Suitable polyvinyl ethers in the ca^e n > 2 are trivmyl ethers of glycerol, Irimetliylolpropanc or 
tetravinyl ethers of pentaerythiitoL 

15 . Preferably, use is made of divinyl ethos of ethylene glycol* di% tetza- or polyeth^ene glycol, 
butanediol or poly-THF, or the corresponding tri- or tetravinyl ethers, Partjcular preference is 
given to ±e divinyl ethers of butanediol and diethyleoe gjycol as arc de9cnl>ed in EP-A 1110 608. 

The reactitHi (saponificaijon) of the aciylic-containing bead polymers can be pcrfotmed by adds or 
lyes. 

20 Descriptions of the production of wcaWy acidic ion exchangers arc given in Ullmanns 
Enzyklopadie dcr technischen Chemic (Ullmaon's Encyclopedia of Industrial Chemistiy), 5th 
edition, volume 14, pages 393 ff; TJS-A 2,885,371, DDR Patent 79,584, US-A 3427262 and 
EP-A 11 10608. 

In addition, in process step a), use can be made of carboxyl-containing chelation exchangers which 
25 contain aminoacetic acid and/or iminodiacetic acid groups. Chelate resins having acetic acid 
groups are preferably produced by functionalizing crosslinked styrene/divinylbczcnc bead 
polymers. 
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EP-A a 980 711 and EP-A 1 078 690 describe (he reaction of crosslinked heterodisperse or 
monodispcrsc crosslinked bead polymers based on styrene/divinylbenzcnc by the phthatimide 
method to give chelate resins having acetic acid groups. The contents of both publications are 
incoiporated by the present application. 

5 Alternatively, US-4 444 961 describes, f«r example, a reaction of crosslinked macropcmus bead 
polymers by the chloioTnetfaylation method to give chloromethylated bead pc^ymer, and the 
subsequent reaction with iminodiacetic acid to give chelate lesins having acetic acid groups, the 
contents of which arc inccnporated into die present application. 

AocordiAg to Utic xnventton» prejfembly, use is made of macroporous ion exchangers. 

10 Macroporous bead polymers can be formed, for example, by adding inert materials ^orogens) to 
the monomer mixture on the polymerizatioo. Materials suitable as such are, especially, organic 
substances which dissolve in the monomer but dissolve or swdl the polymer poorly (precipitant 
for polymers), for e^an^le aliphatic hydrocaibons (Farbcnfabrikco Bayer DBP 1045102, 1957; 
DBP 1113570, 1957). 

15 An anunometfaylated crosslinked polystyrene bead polymer which is suitable for method step a^) 
can be produced as follows for example: first, the amidomediylation reagent is produced For this, 
for example pbtiialimidc or a phthalimide derivative is di$5olved in a solvent and admixed with 
fonnalin. Then, with elimination of water tberejirom, a bis(^h(thalimido)me%l ether is formed. 
The bis(phiiiaHmido)rocthyl ether can if appropriate be reacted to fom the phthalimido ester. 

20 Preferred phthalimide derivatives are phtfaalinnde itself or substituted phthalimides, for example 
mcthylphthalimide. 

As solvents^ use is made of inert solventB which are suitable fbr swellmg the polymer, piBfeiably 
chlorinated hydrocarbons, particularly preferably dichloroethane or met^l^e chlwide. Further 
details are given in EP-A 0 980 711 and EP-A 10 78 690. 

25 2h a preferred embodiment of the present invention, the bead polymer is condensed with 
phthalimide derivatives. As catalyst here, use is made of oleum, sulfuric acid or sulfur trioixide. 

The elimination of the phthalic acid residue and thus the exposure of the aminomethyl group are 
performed in this case by treating the phdialiinidoniethylated crosslinked bead polymer with 
aqueous or alcoholic sohittons of an alkali metal hydroxide, such as sodhmi hydroxide or 
30 potassium igrdroxtde, at temperatures between 100 and 250'C, preferably 120-190'C. The 
conccntratiDii of the sodium hydroxide solution is in the range from 10 to 50% by weight. 
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pftfembly 20 to 40% by weight. This method makes possible the production of aminoaJkyl- 
containing crosglinkcd bead polymers having a substitution of the aromatic nucJei greater than 1 . 

The resultant aminomelhylated bead polymer can be washed alka]i-free with demineralized water. 

As iron(in) salts in method step a) or a'), use can be made of all soluble iron(III) salts, in particular 
5 use is made of irondD) chloride, sulfate, nitrate. 

As iron(II) salts, use can be made of all soluble ircm(II) salts, in particular use is made of ira^(n) 
chloride, sulfate, m'tratc. Preferably, the oxidation of the iton(E) salts in the suspension m method 
step a) or a*) is pezfonned by air. 

Hie iron(n) salts and irQn(ni) salts can be used solvent-free or as aqueous solutions, 

10 The concentratkMi of tfxe iron salts in aqueous sohrtion can be chosen finely. Freferably, solutions 
having iron salt contents of 10 to 20% hy weiight are used. 

The metering of I3ie aqueous iron salt solution is not critical with respect to time. It can, depcndmg 
on the technical conditions, take place as speedily as possible. 

Per mole of iron salt used, use is made of 0.1 to 2 mol, preferably 0.5 to 1.3 mol, of alkali metal 
1 5 hydrojLides or alkaline earth metal hydroxides. 

Per mole of caiboxyl group in the ion exchanger, use is made of 0.1 to 15 mol, psrefrrably 0.3 to 
O.SmolofironsalL 

&i method step a*), in aqueous suspension, aminomethylated crosslinked bead polymers are loaded 
with inin(III) ions and additionally reacted with chloroacetic acid in alkaline eovinramcnt to give a 
20 bead polymer which contains not only chelatuig iminoaeetic add groups, but also iron oxide/Iron 
hydroxide. 

Per mole of aminometfiyl groups in the anunomettoFlated ion exchanger, use is made of 2 to 3 mol 
of chloroacetic acid, preferably 2 to 2.5 mol of chloroacetic acid. 

The chloroacetic acid, preferably monochjoroacctic acid, is metered over a period of 2 to 6 homs, 
25 preferably 3 to 5 hours, Chloroacetic acid is metered at temperatures between 60 and lOO^C^ 
preferably at temperatures between 75 and 95**C. 

The suspensions obtained from method steps a) and a') have a pK of < 3. 
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The pH in method step b) is set by means of allcali jnetal hydroxides or alkaline cartii metal 
hydroxides, in particular potassium hydroxide, sodium hydroxide or calcium hydroxide. 

The pH range in which the formation of iron oxide/iron ox>4iydroxide groups takes place is in the 
range between 3 and 14, preferably 3 and 8, particularly prcfcraWy between 5 and 7. 

5 Per mole of iron salt used, use is made of O.l to 2 mol, preferably 0,5 to IJ mol, of alkali metal 
hydroxide or alkaline earth metal hydroxide. 

Said substances are preferably used as aqueous solutions. 

The concentration of the aqueous alkali metal hydroxide or alkaline eazdi metal hydroxide 
solutions can be up to 50% by weight Preferably, use is made of aqueous soluttoiis having an 
10 allcali metal hydroxide or alkaline earth meta] hydroxide concentration in the lange fiom 10 to 20% 
by weight 

The rate of metering of fht aqueous sohitions of alkali metal hydroxide or alkaline earth metal 
hydroxide depends on tiie level of the desixed pH and the technical conditions. For example, 60 
minutes are required for this. 

15 After the desired pH is reached, flie mixture is iinther stirred for 1 to 10 hours, preferably 2 to 4 
hours. 

The aqueous solutions of alkali metal hydioxxde or alkaline eaith metal hydroxide arc metered at 
temperatures between 1 5 and 95<<:, preferably at 20 to 50*C- 

Per mtlh'l^ter of carboxyVbcaring or aminomefiiyl-bearing ion exchange resin, u» is made of 0.5 to 
20 3 ml of deionized water to achieve good stiirability of the resin. 

Without proposing a mechanism for the pccesent application, in method step b), apparently as a 
tesuh of the pH change in Oie pores of tiw ion exchange resins, FeOOH compounds m formed 
which bear OH groups which are freely accessible at the surface. The arsenic is then appatendy 
removed via an exchange of OH" for HAs04^ or HjAsO^' with fonnation of an AsO-Fe bond. 

25 Equally capable of the ioii exchange arc also ions isostiuctural witfi HAfl04'" or HjAsOV, for 
example ftPO/, V0-, MoO-, WO, SbO anions. 

According to the invcntjon, preferably use is made of NaOH or KOH as base. However, any other 
base can also be used which leads to the formation of FeOH groups, for example NH4OR Na^Cft, 
CaO, Mg(OH)a etc. 
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Isolatmg in the context of the present invention mean* separating off the ion exchanger from the 
aqueous suspension and purification thereof. The separation is carried out by measures known to 
those skilled in the art such as decanting, centrifugation, filtration. The purification is performed 
by washing with, for example, deionized water and can comprise classification for separating off 
5 fine fractions or coarse f^tions. If appropriate, the resultant iron oxide/iron oxyhydroxide- 
containing ion exchanger can be dried, preferably by reduced pressure and/or particularly 
preferably at teRq)eratui«s between 20^ and 1 SO'^C. 

The pxesent invention also relates however to the products obtainable by the inventive method, that 
is to say iron oxide/iion ooQFhydroxfdfr^ontaxnmg carboxyl-bcaring ion exchangers ditainable by 
10 contacting 

a) a bead-type carboxyl-contaimng ton exchanger in aqueous suspension with inmODQ) salts 

an aniinomethylated crosslinked polystyrene bead polymer in aqueous su^ension with 
ironCOQ salts and with chloroacetic acid and 

adding alkali metal hydroxides or alkaline ear& jneta) hydroxides to the suspensions 
obtained from stages a) or a*) and setting a pH in tiie range from 3 to 14, and also isolating 
Ae resultant irm oxide/iron OKyhydroxide-containing ion exchangers by known methods. 

Surprisingly, the inventive iron oxide/inm oxyhydroxide-containing ion exchangers not only 
adsoA arsenic in its most varied foxnis, but in addition heavy metal^ for example, cobalt, nickel, 
20 lead, zmc, eadmiuniy copper. 

The inventive iron oxide/iron oxyhydroxidc-containing ion exchangcis can be used for purifiing 
drinking water, , wastewater streams of the chemical industry, and also refuse incineration plants. A 
further u$e of the inventive ion exchanger* is purification of leachatc waters from landfills. 

The inventive iron oxide/iron oxyhydroxide-containing ion exchangers are preferably used in 
25 apparatuses suitable for their tasks. 

The invention therefore also relates to ^paratuses through which a liquid to be treated can flow, 
preferably filtration units, particularly preferably adsorption contamers, in particular filter 
adsorption containers, whit*, filled with the iron oxide/iron oxyhydroxide-contaming ion 
exchangers obtainable by the method described in this application^ are used for removing hsav>' 
30 metals, in particular arsenic, from aqueous media, preferably drinldng water or gases. The 
apparatuses can be coTmected, e.g., in the household to the sanitary and drinking water facilities. 



15 b) 
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For the measurement of tiie adsorption of ar5enic(in) and arscnic(V), in a 5 L PE flask (L = liter), 
over a defined period, 3 1 of an aqueous solution of NaAsOj or NaiHAs04 having (he respective 
specified concentration of approximately 2-3 mg/1 of arsenic are treated with 3 g of the sample 
under test and the flask set in motion on rotating rollers. The adsorption rate of As ions to iron 
5 hydroxide over a defined period is reported. 
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E>aoiDlc 1 

la) Production of the monodispersc macroporous bead polymer based on styitnc, 
divinylbezene and ethytstyrene 

5 3000 g of dcraineralizcd water arc placed in a 10 1 glass reactor and a solution of 10 g of gelatiiu 
16 g of disodiiunhydrogcnphosphate dodccahydrate and 0.73 g of reswrool in 320 g of deionized 
water are added and mixed. The mixture is heated to 25°C, With stirring, then a rni;^ture of 3200 g 
of znicroencapsiilated monomer droplets having a narrow particle size distribution of 3.6% by 
weight of divinylbcnzene and 0,9% by wei^t of ethylstyrcnc (used as cwnnicrcially conventional 

10 isomeric mixture of divinylbcnzene and etlvlstyrene having gO% divinylbcnzcneX 0.5% by weight 
of dibenzpyl peroxide, 562% by weight of siyrene and 38.8% by weight of isododecane 
(tcchnieal-grade isomeric mixture having a high ^tion of pentametliylheptane) is added, the 
microcBpsules consisting of a formaldfihydc-cured complex coaccrvatc of gelatin and a copolymer 
of acrylamide and acrylic acid, and 3200 g of aqueous phase having a pH of 12 arc added. The 

1 5 mean particle size of tiie movomcr droplets is 460 ^m. 

The batch, with stirring, is polymerized to completion by temperature elevation according to a 
temperature program starting at 25*C and finishing at Pi'C. The batch i$ cooled, washed over a 
32 ^ screen and ihcn dried in a vacuum at «0**C. This produces 1893 g of a bead-type polymer 
having a mean particle size of 440 ym, narrow particle size distribution and smooth surface. 

20 The polymer is chalky white in appearance and has a bulk density of approximately 3 70 g/L 

lb) Production of the anudometbylated bead polymer 

At room temperature, 2373 g of dichloroedsane, 705 g of phthalimide and 505 g of 29.2% strength 
by weight formalin are charged The pH of the suspension is set to 5.5 to 6 using sodium hydroxide 
solution. The water is then removed by distillation. Then, 51.7 g of sulftiric acid arc added. The 
25 water formed is removed by distiHation. The batch is cooled. At 30^, 189 g of 65% strength by 
weight oleum and then 371 .4 g of monodispersc bead polymer produced according to method step 
la) are added. The su^ension is heated to 70*C and stirred for a further 6 hours at diis 
temperature. The reaction broA is taken off, detodzed water is added and residual amounts of 
diehloroethane are removed by distillatioQ. 

30 Yield of araidomcthylated bead polymer 2140 ml 
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Coniposition by elemental analysis: 
Carbon: 75.3% by weight; 

Hydrogen: 4.9% by weight; 

Nitrogen: 5.9% by wef^t; 

5 Remainder: Oxygen. 

Ic) Production of the anrinoniefhylated bead polymer 

I0I9 g of 45% strengdi by sodium hydroxide solution and 406 ml of demineraliTed water ate 
added at lOom temperature to 2 100 ml of amidomethylalfid bead polymer. The suspension is heated 
to 180^and9tinredfor6hour3attfais tenQ)eratiire, 

10 The resultant bead polymer is washed with dcminefalized water. 

Yield of aminomethylated bead polymer 1770 ml 

As overall yield, projected, this gives 1 804 ml 

Composition by elemental analysis: Nitrogen: 1 1.75% by might 

From the composition by elemental analysis of the ammometfaylated bead polymer, it can be 
15 calculated ftat on a statistic average per aromatic nucleus, based on to styrcne and divinylbenzene 
units, 1.17 hydrogen atoms have been substituted by aniiiiome%] groups. 

Id) Production of the ion exchanger having chelatmg imniodiiKetic acid groups 

1 180 ml of aminomethylated bead polymer from Example Ic) are added at room temperature to 
1890 ml of dcmmcralized water. To this suspension are added 729.2 8 of sodium salt of 
20 numodiloroBcetic acid. Jhs mixture is stiired for 30 minutes at room tempcmnro. Then the pH of 
the suspension fa set to pH 10 using 20% strength by weight sodium hydroxide solution, hi 2 
hours, die su^ension is heated to B0°C. The mixture is then stined for a further 10 hours at ^s 
ten^jerature. During tills time the pH is kept at 10 by controlled addition of sodium hydroxide 
solution. 

25 Thereafter, the suspension is cooled. The resin is washed chloride-firee with demincralized water. 
Yield: 2190 ml 
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Total cAp&city of the resin: 2.39 mol/l of resin 
Example 2 

Production of a chelate resin of the iminodiacetic acid type loaded with iron oxide/iron 
oxyhydroxidc 

5 400 ml of the chelate resin containing iminodiacetic aeid groups produced aceonling to Exan^le 1 
are adjirixed wiA 750 ml of aqueous irDn(ni) chloride sohition which contains 103.5 g of ixxin(in) 
chloride per hter, and 750 ml of deionized water and stiircd for 2S hours at room temperature. 
Then, a pH of 6 i£ set using 10% strength by weight sodium l^droxtdc solution and maintained for 
2h. 

10 Thereaaer, the ion exchanger is filtered off over a screen and washed with deionized water until 
tbeeiXhientisdcar. 

Resin yield; 380 ml 

The f e content of the loaded ion exchanger beads was determmed by titrimetiy as 14.4%. 

As ciystallme phase, a-FeOOH toxy be identified firm powder difi&actograms. 

15 13.1 g of the ion exchanger, of which about 3,0 g account for FeOOH, were contacted with an 
aqueous solution of NajHAsO^ and the decrease in As(V) ccmeentration over time is recorded 



As(V) cDMentB In the filtrate big/q after x nxfai 
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Examples 

20 Production of an iron oxide/imn oxyhydroxide-containing weakly acidic ion exchanger having 
carfooxy] groups 

300 ml of a weakly acidic ion exchanger having carboxyl groups produced according to 
EP-A-1 1 10 608 are adnrixed with 1500 ml of aqueous iron(III) chloride solution which contains 
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103.5 g of inm(m) chloride per liter, and with 750 ml of deionized water. This mixture is stirred 
for 2.5 horn at room temperature. Then, a pH of 6 is set using 10% strength by weight sodium 
hydroxide solution and maintained for 120 minutes. 

Thweafter, the ion exchanger is filtered off over a screen and washed with deionized water to 
5 neutraHty, or until the efiQuent is elcar. 

Resin yield: 240 ml 

%by weight iron m there$in: 12.0 

As crysiallKW phase, OrFeOOH may be identified from powder dif&actograms. 
Example 4 

10 fttiduction of an iron oxide^ oxyMroxide^ontaining chelate tesin of the imtnodiacetie acid 
Xype 

500 ml of an ammometfaylated bead polymer produced acconling to Example Ic are placed m 
375 ml of deionized water. To this is added 750 ml of aqueous iron(m) chloride sohiiion which 
contains 103.5 g of iron(in) chloride per liter. The suspension is heated to 90«C. At 90°C, 268 g of 
15 monochloroacetic acid are metered in the course of 4 hours. The pH is set to pH 92 using 50% 
strength by weight aqueous KOH solution. After metering is complete, the temperature is heated to 
95*C; the pH is set to 10.5 and the mixture is stirred for a fiirther 6 hours at 95*C and pH 10.5. 

After CQolingp the rtsm is filtered off and washed to neutrality wilh deionized water. 
Resin yield: 750 ml 
20 % by wci^t iron in the resin: 1J2 

As ciyslallinc phase, OppeOOH may be identified from powder dif&actogmnw. 
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Patent Claims 

1* A method for producing an iron oxide/iron oxyhydioxide<ontainii]g carboxyl-^jeahng ion 
exchanger^ eharacterittd in that 

a) a bead-type carboxyl-containing ion exchanger is contacted in aqueous suspension 
5 with ironCm) salts or 

a ) an aiuiooiuelhylated crosslinkcd polystyr^e bead polymer is contacted in aqueous 
suspension with iron(III) salts and with chloroacetic acid and 

b) the suspenaions obtained from stages a) or a") are adjusted to pHs m ibe range 
from 3 to 14 1^ adding alkali metal hydroxides or alkaline earth metal hydroxides 
and the resultant iron cntide^ixon oxyhydraxide-containing ion exchanger is 
isolated by Imown methods. 

2. An iron oxide/iron oxyfaydroxidc^ontaifling carboxyl-beanng ion exchanger obtainable by 
contacting 

a) a bead-^pc carboxyl-containing ion exchanger in aqueous suspension with 
15 hon(III) salts or 

a') an aminomethylated cxosBlinkcd polystyrene bead polymer in aqueous suspension 
with iroQ(III) salts and with chloroacetic acid and 

b) adding alkali metal hydroxides or alkaline earth metal hydroxides to the 
suspensions obtained from stages a) or a*) 

20 and setting a pH in the range fiwn 3 to K and also isolating the resultant iron oxidc/iron 

oxyhydnoxidfrcantBining ion exchanger by known mcdiods. 

3. The use of the iron oxidc/iron oxyhydroxide-contaimng ion exchangers for adsorbing 
heavy nietals, preferably arsenic, cobalt, nickd, lead, zinc, cadmium, copper. 

4. An apparatus, preferably filtration unit, filled with the iron oxide/iron oxyhydroxide- 
25 containing ion exchanger^ as claimed in claim 2, characterized in that it is used for 

removing heavy metals, preferably arsenic, from aqueous media or gases. 
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Abstract 



The present invention relates to a method for producing iron oxide/tron oxyhydroxide-contaming 
cartjoxyl-bcaring ion exchangers, which is charactcitted in that 

a) a bead-type caibaxyl-contBining ion exchanger is contacted in aqueous suspension wift 
irDn(III)sahsor 

a') an anunomeftykted crosslinked polystyrene bead poltymer is contacted in aqueous 
suspension with in)onL(Xn) sahs and wi^ chloroacetie acid and 

b) the suspensions obtained fiijm stages a) or a*) are adjusted to pH^ in the range from 3 to 14 
by adding alkali metal hydnixides or alkaline earth metal hydroxides and tiie resultant iron 
oxide/iron oxyhydroxide-containing ion eacchangers are isolated by known methods, 

to the ion exchangers themselves their, and also to their use for the adsoiption of heavy metals, in 
particular arsenic* 
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